Lipopolysaccharide (LPS) recognition by higher animals involves soluble proteins (LPS-binding protein [LBP] and soluble CD14 [sCD14]) (15, 18, 43) , membrane receptors (CD14 and Toll-like receptor 4 [TLR4]) (40, 50) , and an intracellular signal amplification machinery that rapidly generates and secretes a broad array of response mediators. LBP promotes rapid binding of purified LPS from aggregates to membranebound CD14 (mCD14) on cells or to sCD14 in plasma. CD14 is important for confering sensitive cellular responses to LPS (21) , and TLR4 appears to be the most important LPS signal transducer (22, 40) . Although many details remain to be discovered, much is now known about each of the steps in the LPS-based antibacterial inflammatory response.
Considerably less is understood about host mechanisms for preventing excessive, dangerous acute responses to LPS. Cells can quickly become resistant (tolerant) to LPS stimulation, a desensitization that is at least partly related to overexpression of the p50 subunit of NF-B (4, 54) . Acyloxyacyl hydrolase, an enzyme found in monocytes and neutrophils, can inactivate LPS by removing some of its fatty acyl chains, and intracellular dephosphorylation may also reduce LPS activity (27) . In plasma, soluble molecules such as bactericidal permeabilityincreasing protein, lysozyme, and lactoferrin can bind LPS and neutralize its stimulatory potency (9) (10) (11) . When gram-negative bacteria or LPS-containing bacterial membrane fragments enter the bloodstream, however, arguably the most important known mechanism for preventing excessive cellular responses is the transfer of LPS to circulating plasma lipoproteins.
When purified LPS (pLPS) aggregates are injected intravenously into animals, approximately half of the LPS is cleared from the plasma within a few minutes, presumably by binding to circulating or marginated leukocytes (14, 16, 31) . Most of the remaining LPS binds rapidly to circulating lipoproteins (13) and then (31, 35) can circulate in the plasma for many hours before the lipoproteins are cleared by the liver and other organs (34) . Whereas LPS that binds to leukocytes can initiate inflammatory responses, LPS that binds to lipoproteins is essentially inactivated (5, 31, 35, 39, 48) . Binding to lipoproteins thus seems to be an important mechanism for LPS detoxification in vivo, and administering lipoproteins to animals can protect them from LPS challenge (12, 38, 41) . Although LPS can bind to all of the major plasma lipoproteins (39) , most investigative attention has focused on the interactions of LPS with high-density lipoproteins (HDL).
Recent studies have clarified many other aspects of LPS movement in plasma. LBP can transfer pLPS from aggregates to HDL (52) . sCD14 accelerates LBP-mediated transfer of purified LPS to HDL when tested using isolated reagents in vitro (51) , yet it contributes very little to the movement of purified LPS to HDL in whole plasma (53) . Phospholipid transfer protein (PLTP), which shares protein sequence similarity with LBP, can also promote rapid transfer of LPS to HDL in normal plasma (17) . In contrast to LBP, PLTP does not promote binding of pLPS to CD14; indeed, in studies using pLPS, PLTP was reported to inhibit the ability of LPS to stimulate CD14-expressing cells (17) .
Interpretation of all of these experiments has been limited by the fact that LPS is naturally a constituent of bacterial outer membranes, not an isolated and purified chemical. Studies using pLPS aggregates thus have an uncertain relationship to in vivo phenomena. Although much of the LPS in bacterial membrane fragments (blebs) is known to transfer to HDL when the fragments are injected intravenously into rats (37) , nothing is known about the biochemical mechanisms that mediate this transfer. The studies described here were therefore performed to evaluate the ability of the major LPS transfer proteins to transfer LPS from Salmonella enterica serovar Typhimurium blebs to sCD14, lipoproteins, and monocytes.
MATERIALS AND METHODS
Bacteria. G-30, a galactose epimerase-deficient (galE) strain of Salmonella serovar Typhimurium, was grown in proteose peptone beef extract broth (Difco Laboratories, Detroit, Mich.) that had been dialyzed against distilled water in order to remove methionine and cysteine and then supplemented with M9 salts (42) , and 1 ml of bacteria that had been incubated overnight in M9 minimal medium. In galE strains, exogenous galactose is incorporated exclusively into LPS; under the growth conditions described here, 35 S was found only in bacterial proteins. When the culture reached an optical density at 540 nm of 0.3 to 0.4, 3.75 mM D-galactose was added to the medium and growth was continued to a density of 0.6 to 0.8. The bacteria were pelleted (4,000 ϫ g, 20 min, 4°C), and the supernatant was filtered (0.45-m-pore-size filter) and saved at 4°C. The pelleted bacteria were washed with 10 mM HEPES buffer (pH 7.4), resuspended in 2 ml of 100 mM HEPES, and stored at Ϫ85°C until used to prepare pLPS.
Preparation of bacterial membrane fragments (blebs). The blebs were precipitated by adding 2.5 volumes of saturated ammonium sulfate to the filtered culture supernatant and allowing the mixture to stand at 4°C overnight (37) . The fine precipitate was pelleted by centrifugation (4,000 ϫ g, 2 h, 4°C) and dialyzed against phosphate-buffered saline (PBS) that contained 0.02% NaN 3 . The blebs were separated from labeled soluble proteins by centrifugation through a 12% sucrose solution onto a 60% sucrose cushion (150,000 ϫ g, 4.5 h, 4°C). The 60% sucrose cushion and blebs were then dialyzed against PBS that contained 0.02% NaN 3 . The final concentration of bleb LPS was estimated by its [ Electron microscopy of blebs. The blebs in PBS with 0.02% NaN 3 were concentrated by ultracentrifugation (150,000 ϫ g, 4.5 h, 4°C); 100-mesh nickel grids (Electron Microscopy Sciences, Fort Washington, Pa.) coated with Formvar and carbon by standard methods were floated over droplets of the concentrated bleb suspension for 5 min. The grids were then washed with distilled water and negatively stained by floating the grids over 1% aqueous uranyl acetate grids (Electron Microscopy Sciences) for 1 to 2 min. Excess uranyl acetate was removed by wicking onto filter paper, and the grids were dried in a vacuum desiccator. The specimens were viewed by electron microscopy in a Jeol JEM 100SX microscope, photographed at a magnification of ϫ30,000 on the negative film plate, and printed on photographic paper. Negative control grids, floated over distilled water and negatively stained, did not reveal any artifact structures.
Preparation of pLPS. [ 3 H]LPS was extracted from the whole bacteria by the hot phenol-water method (49) . The pLPS was suspended in 10 mM Tris HCl with 0.01% triethylamine and quantitated by comparing the intensity of silver staining (46) on a sodium dodecyl sulfate (SDS)-12% polyacrylamide gel to that of known amounts of wild-type Salmonella serovar Typhimurium pLPS. The specific activity ( 3 H disintegrations per minute per microgram) of the pLPS was then calculated, and the amount of LPS in the blebs was estimated based on 3 H content. The specific activities of the preparations ranged from 51,000 to 171,000 dpm/g of LPS. Estimations of LPS molar concentrations assumed an average molecular mass of 5,500 Da.
Preparation and quantification of LBP, PLTP, and sCD14. CHO cells stably transfected with recombinant human LBP or empty vector (pRc/RSV) were provided by P. Tobias (Scripps Research Institute, La Jolla, Calif.). The cells (CHO-rLBP or CHO-RSV) were incubated in roller bottles containing 200 ml of serum-free medium (CHO-S-SFM-II; Life Technologies, Grand Island, N.Y.) with 1% (vol/vol) SP-Sepharose beads (Pharmacia Biotech, Uppsala, Sweden) for 48 h. The beads were sedimented by gravity, washed in PBS containing 0.5 mM phenylmethylsulfonyl fluoride and 0.02% NaN 3 , packed in a pyrogen-free column, and equilibrated with 0.4 M NaCl in 20 mM sodium acetate (pH 4.0) (45) . LBP was eluted by increasing the NaCl concentration to 1.4 M. Protein elution was monitored spectrophotometrically (280 nm). The peak fractions were pooled and placed in a dialysis bag (12,000-to 14,000-molecular-weight cutoff), dialyzed against PBS containing 0.02% NaN 3 , and then concentrated by coating the outside of the dialysis bag with polyethelene glycol (molecular weight, 20,000). The LBP concentration was measured by enzyme-linked immunosorbent assay (ELISA) using reagents generously provided by P. Tobias. Recombinant human His-tagged PLTP was prepared as described elsewhere (2, 17) . Recombinant human sCD14 was a gift from Rolf Thieringer and Samuel Wright (Merck, Rahway, N.J.).
Lipoproteins. Native HDL (nHDL) was isolated from human plasma by sequential ultracentrifugation in increasing concentrations of potassium bromide (KBr) (8, 20) and then thoroughly dialyzed against cold 0.9% NaCl containing 0.25 mM EDTA (pH 8). Lyophilized reconstituted HDL (R-HDL) (30) was a gift from P. Lerch (Swiss Red Cross Blood Transfusion Service, Bern, Switzerland). It was resuspended in distilled water and dialyzed against cold 0.9% NaCl containing 0.25 mM EDTA (pH 8) to remove free cholate. R-HDL contained apolipoprotein A-I (apoA-I) and phosphatidylcholine in a 1:160 molar ratio. The concentrations of nHDL and R-HDL were determined by apoA-I assay (Sigma, St. Louis, Mo.). For some experiments, plasma was obtained from blood that was anticoagulated with streptokinase (Calbiochem).
In vitro assay of LPS release from blebs. Sucrose density gradients (4 to 24% sucrose in 5 ml) were made as previously described (35) . Samples (0.15 ml) containing radiolabeled blebs were added to the tops of the gradients, and the tubes were centrifuged (150,000 ϫ g, 4.5 h, room temperature). Fractions (approximately 0.35 ml) were collected from the bottom of the each tube with an 18-gauge needle.
3 H and 35 S radioactivity was measured by adding the fractions to 4 ml of Budget-Solve scintillation cocktail (Research Products International Corp., Mount Prospect, Ill.) that contained 0.2 ml of 1% SDS in 10 mM EDTA and counting in a Packard MINAXI TRI-CARB 4000 series scintillation counter (Packard Instrument Company, Downer's Grove, Ill.) with external standardization and automatic quench correction.
Immunoprecipitation of [
3 H]LPS-sCD14 complexes. Samples (0.15 ml) containing radiolabeled blebs (80 ng of LPS or 0.54 g/ml), LBP (0.32 g/ml), and sCD14 (13.4 g/ml) were incubated for 30 min at 37°C with occasional mixing, and the mixtures were centrifuged onto sucrose density gradients as described above. The top (released LPS) and bottom (blebs) halves of the density gradient were separated, and levels of The tubes were sliced two-thirds of the distance from the bottom. Top and bottom fractions were brought to a total volume of 10 ml with distilled water, and the radioactivity in 1-ml aliquots was measured as described above. Radioactivity located in the top fraction was assumed to be associated with lipoprotein particles since pLPS or bleb LPS, in the absence of lipoproteins, was recovered from the bottom fraction of the tube.
Depletion of LBP and PLTP activity from serum. To neutralize PLTP, 100 l of normal serum was incubated for 30 min on ice with 30 l of Rb72 rabbit anti-human PLTP (purified immunoglobulin G [IgG]; 17 mg of IgG/ml); the remaining PLTP activity was 2% of that in the untreated serum. To neutralize LBP, we added 10 g of anti-human LBP monoclonal antibody (MAb) 1E8 (a gift from P. Tobias) to 100 l of serum and incubated the mixture for 30 min on ice. This method resulted in nearly complete inhibition of LBP-mediated LPS binding to mCD14-expressing cells, indicating effective LBP neutralization (not shown). To neutralize sCD14, we added 10 g of anti-CD14 MAb 60bca to 100 l of serum and incubated the mixture for 30 min on ice.
To deplete LBP from serum, anti-human LBP MAb 18G4 (a gift from P. Tobias) or nonimmune mouse IgG was covalently bound to Avidchrom hydrazide F gel beads (Unisyn Technologies, Hopkinton, Mass.) according to the manufacturer's instructions. The antibody-coated beads (1-ml packed volume) were suspended in fresh human serum (4 to 5 ml) obtained from healthy volunteers, mixed overnight on a rocking platform at 4°C, and then centrifuged (850 ϫ g, 2 min, 4°C). The LBP concentration was measured in the control and LBPdepleted sera by ELISA. PLTP activity was measured as described elsewhere (6) . Over 99% of the LBP was removed from the serum. Since the control antibody also removed more than 50% of LBP from serum, the unadsorbed serum was used as the control. Approximately 30% of the serum PLTP activity was also removed during LBP depletion.
IL-8 release assay. THP-1 cells (47) were then added to differentiated THP-1 cells in serum-free medium and incubated for 2 h at 37°C. Blebs that were not incubated with LBP and sCD14 or centrifuged on sucrose density gradients were tested in parallel. The cells were removed by centrifugation (750 ϫ g, 2 min, 4°C), and the culture supernatants were assayed for interleukin-8 (IL-8) (DuoSet ELISA development system; Genzyme, Cambridge, Mass.). In further experiments, blebs were incubated with or without LBP, PLTP, and sCD14 (30 min, 37°C) before direct addition to the differentiated THP-1 cells and incubation for 2 h at 37°C. The cells were again removed by centrifugation, and the culture supernatants were assayed for IL-8.
RESULTS
Electron microscopy of the blebs revealed small vesicular structures that ranged in size from 25 to 300 nm (Fig. 1 ). This size range is similar to that found in previous ultrastructural analyses of bacterial membrane blebs (33) . Very few flagella and no intact bacteria were found in the preparations.
LBP transfers LPS from bacterial membranes to sCD14; PLTP does not. Sucrose gradient centrifugation was used to evaluate LPS release from blebs (35). Blebs containing [ 3 H]LPS and 35 S-labeled protein sedimented to the bottom of the 4 to 24% sucrose gradient. In contrast, after bacterial membranes were disrupted with deoxycholate, a large percentage of both radiolabels remained in the top fractions of the gradient (Fig. 2) . In subsequent experiments, release of LPS from the blebs was assumed when [ 3 H]LPS was found at the top of the gradient while 35 S-protein pelleted to the bottom. To investigate the roles of plasma LPS transfer proteins in releasing LPS from bacterial membranes, radiolabeled blebs containing 80 ng of LPS (0.54 g/ml) were exposed to LBP FIG. 1. Ultrastructure of bacterial membrane fragments. Outer membrane blebs were isolated from Salmonella serovar Typhimurium culture supernatants as described in Materials and Methods. The blebs were concentrated by ultracentrifugation, resuspended in PBS, allowed to adhere to Formvar-coated grids, negatively stained with 1% uranyl acetate, and viewed by transmission electron microscopy. The bar represents 100 nm.
FIG. 2. Sucrose gradient analysis of LPS release from blebs. Blebs containing 3,300 dpm of [
3 H]LPS and 2,800 dpm of 35 S-protein were incubated with 0.3% deoxycholate for 30 min at 37°C and then centrifuged onto 4 to 24% sucrose gradients. Untreated blebs were used as controls. After centrifugation, fractions were collected, and the level of 3 H and 35 S radioactivity in each fraction was determined. The experiment was repeated with similar results. (0.32 g/ml) with or without sCD14 (27 g/ml) at 37°C for 30 min. The mixtures were then analyzed by centrifugation onto sucrose gradients. Incubation of blebs with LBP alone or sCD14 alone did not release LPS from the blebs, while incubation with both LBP and sCD14 released 49% Ϯ 7.4% (mean Ϯ standard deviation, n ϭ 4) of the LPS (Fig. 3A) . In another experiment, very little release of LPS occurred when blebs were incubated with as much as 3.2 g of LBP per ml (data not shown). When blebs were incubated with PLTP (10 g/ml) and sCD14, there was no significant release of [ 3 H]LPS (Fig. 3B) . Increasing the sCD14 concentration in the presence of LBP increased LPS release from the blebs, while only trivial amounts of 35 S-labeled protein were released (Fig. 4) . Previous studies have suggested that LPS can bind to sCD14, which then functions as an LPS carrier or transfer protein (15, 19, 51) , and we have previously shown that pLPS-sCD14 complexes remain in the top fractions of sucrose gradients (26) . To determine whether LBP can transfer membrane [ 3 H]LPS to sCD14, we used anti-CD14 MAbs to immunoprecipitate CD14 from the incubation mixtures. We found that 32% of the LPS in the top gradient fractions and only 3% of the bleb LPS in the bottom gradient fractions could be coimmunoprecipitated. Very little 35 S-labeled protein was recovered from the top of the gradient, and only 6% of the 35 S-labeled protein in this fraction was coimmunoprecipitated by the anti-CD14 MAb. Likewise, only 3% of the 35 S-labeled protein was found in immunoprecipitates from the bottom gradient fractions.
LBP and PLTP can transfer LPS from blebs to HDL. Since both LBP and sCD14 were needed to release LPS from bacterial membranes, we next asked whether both proteins were necessary to transfer LPS from blebs to HDL. For this analysis we used R-HDL (a defined reagent that contains only apoA-I and phosphatidylcholine) and separated blebs from R-HDLbound LPS by ultracentrifugal flotation in KBr ( ϭ 1.21 g/ml).
Purified [
3 H]LPS aggregates were used as a control. In preliminary experiments, we found aggregates of pLPS and pLPSsCD14 complexes at the bottom of the centrifuge tube (data not shown), whereas R-HDL-bound pLPS (produced by incubating pLPS with R-HDL and LBP with or without sCD14) was recovered from the top (Fig. 5A) .
sCD14 alone did not transfer LPS from membrane blebs to R-HDL, while LBP transferred over 62% (standard deviation ϭ 8%, n ϭ 3 experiments) of the membrane LPS to R-HDL. LPS transfer activity was maximal at substoichiometric concentrations of LBP (Fig. 5B) . When sCD14 was incubated with blebs, LBP, and R-HDL, over 90% of the LPS transferred from blebs to R-HDL (Fig. 5A) . sCD14 thus enhances the ability of LBP to transfer LPS to R-HDL.
LBP also transferred LPS from blebs to nHDL. However, the amount of nHDL required to accept LPS from membranes in a 30-min incubation was greater than the amount of R-HDL needed for the same reaction (data not shown). PLTP also transferred LPS from bacterial membranes to nHDL (Fig. 5B) .
LBP transfers LPS to lipoproteins in plasma. When blebs were incubated in undiluted normal human plasma for 30 min at 37°C, 43% of the [ 3 H]LPS floated in the Յ 1.21-g/ml KBr fractions, and the majority of the lipoprotein-bound [ 3 H]LPS was found in HDL (Fig. 6) .
To determine whether endogenous LBP and PLTP were responsible for the transfer of bleb LPS to lipoproteins, we used antibodies to neutralize the two proteins in normal human serum. When an anti-LBP MAb was added to normal serum, LPS transfer from blebs to serum lipoproteins decreased by nearly 50% (Fig. 7) . In contrast, inhibiting PLTP activity in normal serum did not reduce LPS transfer from blebs to lipoproteins. Normal levels of LBP are thus able to compensate for the absence of PLTP. When both anti-LBP and anti-PLTP antibodies were added to the serum, the reduction in LPS transfer was identical to that seen with anti-LBP alone. Adding anti-CD14 antibodies did not further reduce LPS transfer (not shown). In other experiments we depleted over 99% of the serum LBP by immunoadsorption (see Materials and Methods); this reduced LPS transfer from blebs to serum lipoproteins by nearly 50% (not shown). When the LBPdepleted serum was supplemented with recombinant LBP, LPS transfer from blebs to HDL was restored to the levels seen in normal human serum (not shown). These data thus suggest that (i) LBP contributes substantially to the transfer of LPS from membranes to lipoproteins in human serum in vitro and (ii) serum contains factor(s) other than LBP, PLTP, and sCD14 that can also promote LPS transfer to lipoproteins.
LBP transfers LPS from blebs to host cell membranes. We next compared sCD14-[ 3 H]LPS complexes derived from blebs and pLPS for the ability to stimulate IL-8 production by differentiated THP-1 cells. Bleb-derived sCD14-[
3 H]LPS complexes were approximately 30-fold more potent than complexes derived from purified LPS and sCD14 (Fig. 8A) . In further experiments, we compared the potency of blebs that had been incubated for 30 min with or without LBP, PLTP, or sCD14. Incubation with LBP and sCD14 increased bleb-induced IL-8 secretion approximately 100-fold (Fig. 8B) . PLTP (1:3 [mol/mol] to bleb LPS and 16:1 to LBP, sufficient to transfer most of the bleb LPS to lipoproteins in a 30-min incubation) neither enhanced nor inhibited the ability of the blebs to stimulate IL-8 secretion (Fig. 8B) . In further experiments, a molar excess of PLTP (3:1 to bleb LPS and 160:1 to LBP) only partially inhibited LBP's ability to increase blebinduced IL-8 secretion (data not shown).
DISCUSSION
As they grow in vivo, gram-negative bacteria release membrane blebs (3, 36) . When they were isolated from bacterial cultures and injected intravenously into rats, blebs surrendered much more of their LPS to plasma lipoproteins than did bac- terial outer membranes or intact bacteria (37) . It thus seems likely that blebs contain a significant fraction of the bacterial membrane LPS that interacts with lipoproteins in vivo. Although the composition of the blebs released by bacteria in vivo is not known, when Salmonella serovar Typhimurium blebs were compared to bacterial outer membranes isolated from the same in vitro cultures, the blebs were enriched in LPS and relatively depleted in protein and phospholipid (37); these differences may account for the greater susceptibility of bleb LPS to extraction by plasma transfer proteins.
LPS may also be transferred directly from intact bacterial membranes in sufficient quantities to stimulate host cells (25, 37) . Although other constituents of the gram-negative bacterial membrane can also stimulate cells, LPS seems to play a dominant role. In keeping with this conclusion, Somerville et al. showed that an Escherichia coli mutant (msbB) expressing an altered LPS was 100-fold less stimulatory to endothelial cells and monocytes than was wild-type E. coli (44) . Similarly, we found that blebs were approximately 100-to 1,000-fold more stimulatory when they were incubated with LBP, which released the LPS from the blebs and transferred it to mCD14 on the THP-1 cells.
We found that low concentrations of LBP can remove LPS from blebs when an appropriate acceptor (lipoprotein or sCD14) is present. Incubating blebs with sCD14 alone did not release LPS. This finding suggests that LBP and CD14 cooperate to extract LPS or that sCD14 functions as an acceptor for LPS that is released from the blebs by LBP. The latter interpretation is favored by the following observations: (i) LBP alone, but not sCD14 alone, can transfer LPS from blebs to HDL, another LPS acceptor, and (ii) when both LBP and sCD14 were present in the incubation mixtures, much of the released LPS was found in complexes with sCD14 (see Results). Previous studies found that sCD14 can slowly bind the LPS in purified aggregates (18) , and we cannot rule out the possibility that it also slowly removes LPS from blebs. However, this activity is unlikely to be physiologically significant because it occurs very slowly and because LBP is always present in plasma to promote the transfer of LPS to sCD14. PLTP, which does not transfer LPS from purified aggregates to CD14 (17), also did not transfer LPS from blebs to sCD14. Under the conditions of our experiments, PLTP removed LPS from blebs only when HDL was present to accept it.
In the model proposed by Wurfel et al. for LPS transfer from purified aggregates to lipoproteins, LBP mediates LPS transfer (51). sCD14 did not contribute greatly to this process in whole plasma (53) , a finding that we confirmed in these experiments. The LPS transfer activity of sCD14 may become more important when serum LBP levels rise and PLTP levels fall during acute infection and inflammation (1, 24) .
Removing LBP from serum (by immunoadsorption) and neutralizing it (with a MAb) both resulted in a 50% decrease in the transfer of LPS from blebs to lipoproteins. In contrast, polyclonal anti-PLTP immunoglobulins (which decreased serum phospholipid transfer activity by 98%) had no effect when added either to normal serum or to serum that contained the MAb to LBP. Although purified PLTP could clearly promote LPS transfer to isolated HDL, we were thus unable to show that native PLTP transfers LPS from blebs to lipoproteins in normal serum. In this more physiological setting, LBP accounted for approximately half of the transfer activity, while the remaining activity presumably reflects the contribution of unknown transfer molecules. It is noteworthy that the anti-PLTP antibodies inhibited most of the LPS transfer activity that remained in LBP-depleted serum (data not shown); this observation indicates that the antibodies can inhibit the LPS transfer activity of PLTP while suggesting that, like LBP, the unknown transfer molecules can bind nonspecifically to the beads used for immunoadsorption, leaving PLTP as the sole LPS transfer protein in the serum.
Our finding that LBP contributes significantly to LPS-lipoprotein transfer in serum may seem to conflict with the observation of Jack et al. that LPS clearance was not altered in mice that cannot synthesize LBP (23) . In both LBP-producing and homozygous LBP knockout mice, they found that Ͼ90% of a bolus of radiolabeled LPS was cleared from the circulation within 5 min. Since LPS that binds to lipoproteins remains in the circulation for hours (7, 32, 34) , it is possible that the LPS used in the experiments of Jack et al. did not bind to plasma lipoproteins even in the control (wild-type) mice. Alternatively, a 50% reduction in LPS-lipoprotein binding might not be detectable in vivo, or other LPS transfer proteins might be able to FIG. 8 . LBP and sCD14 enhance monocyte stimulation by bacterial membranes; PLTP does not. (A) To prepare complexes of sCD14 with bleb or pLPS, 100 ng of pLPS or blebs containing 100 ng of LPS were incubated at 37°C for 30 min with 0.06 g of LBP and 0.5 g of sCD14. The mixtures were centrifuged onto 4 to 24% sucrose gradients, and aliquots of the top halves of the gradients were counted to measure the sCD14-associated [ 3 H]LPS. As a control, blebs were added to a sucrose gradient without LBP and sCD14. Equal amounts of [ 3 H]LPS from the three preparations were then diluted in serum-free medium and added to vitamin D 3 -differentiated THP-1 cells (7 ϫ 10 5 ), followed by incubation for 2 h at 37°C. The cells were pelleted by centrifugation, and IL-8 was measured in the culture medium. (B) Blebs containing 100 ng of LPS were incubated at 37°C for 30 min with or without 0.03 g of LBP, 0.5 g of sCD14, or 0.5 g of PLTP, and the mixtures were incubated with THP-1 cells as described above. IL-8 was measured in the culture supernatants. Symbols show the means of duplicate determinations. Each of these experiments was repeated with similar results.
compensate for the absence of LBP in the genetically altered mice. Further experiments are needed to determine the precise contribution that LBP makes to LPS-lipoprotein transfer in vivo.
Our data are most consistent with the model shown in Fig. 9 . When blebs are released into plasma, LPS is rapidly extracted from them, principally by LBP. The LPS from blebs may be neutralized either after LBP-mediated transfer to HDL or indirectly by transfer to sCD14 with subsequent binding to HDL. The LPS from blebs may also be stimulatory when transferred by LBP directly to mCD14-expressing cells, or to sCD14 with subsequent transfer to cells. Also shown in this model is the ability of sCD14, but not LBP or PLTP, to transfer LPS from monocyte cell membranes to plasma lipoproteins (29) . Whether bleb LPS is neutralized by lipoproteins is probably determined by the relative concentrations of LBP, sCD14, other LPS transfer proteins, lipoproteins, and target cells in the blood compartment, as well as by the rate at which LPS is cleared from the blood into tissues.
